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Aba tract 

Aerodynamic force and inlet *preaaurc data 
«iere obtained for 9.5Z force atvi pressure aodela 
of a V/STOL fighter /at tack aircraft configuration 
with top-mounted twin Inlets* Data are presented 
from tests conducted In the Ames Unitary Wind 
Tunnels at Mach numbers of 0.6* 0.9* and 1.2 at 
angles of attack up to 27* and angles of sideslip 
up to 12*. TrlMed aerodynamic charact eristics 
and inlet performance were compared for three dif- 
ferent leading-edge extension (LEX) conflguraticms. 
The effects of wing leading- and tral ling-edge 
flaps on the inlet were also determined. Maneuver 
performance was calculated from co^ined force a;.d 
In let -pressure data. The largest of the three LEX 
sizes tested gave the best airplane maneuver per- 
formance. Wing flap deflect Iona improved inlet 
recovery at all llach mmbers. 


Nomenclature 


AR 

• aspect ratio 

CDt 

- trimmed drag coefficient 


» trimmed lift coefficient 


* taper ratio* wing tip/root chord 

h 

* altitude* m (ft) 

LKX 

• wlnf^ Ic.vilng-edge extension 


• maximum trlmmed-lif t-to-drag-raclo 


- triMed-llf t-to-drag ratio at 


cruise angles of attack 

M 

• Mach number 

n 

z 

■ load factor 

P 

• specific excess power* a/sec 

s 

(f c/sec) 

“t 

» trimmed angle of attack* deg 

s 

* angle of sideslip* deg 

*1X 

■ wing leading-edge sweep angle* deg 


i II tro <Uu' l Ion 

Inlet Integration studies^ and aerodynamic 
technology atudies^ indicate that fighter/accack 
aircraft configurations with top-mounted inlets 
have significant potential advantages over configu- 
rations with more conventionally mounted inlets* 


^kasearch Sciencisi* Member AIAA 
^RetAarch Scientiat 


Among these advantages are reduced ingestion of 
debris* reduced radar return to ground radars* and 
batter weapons integration on the lower fuselage. 
However* the studies of Ref. 2 also identified 
aerodynamic oncer talntlca and potential Inlet prob- 
lem areas. Aerodyn^lc uncertainties relating to 
inlet location Included a slight Increase in wave 
drag with increasing supersonic Mach number and a 
possible adverse effect on minimum drag because of 
inlet spillage. Potential Inlet problem areas 
included the ingestion of distorted flow and/or 
low-energy boundary layers at high angles of attack 
and/or moderate sideslip angles. 

The top-mounted twin-inlet configuration 
Identified in Ref. 2 wsa based on a detailed aero- 
dynamic analysis by Nortlxop Corporation^ In a 
program Jointly sponsored by Ames Research Center 
and the David Taylor Naval Ship Research and Devel- 
opment Center. An aerodynamic force model of this 
configuration was constructed and tested in the 
high-speed wind tunnels at Ames. Wing leading- 
edge extensions (LEXs) on the model produced vor- 
tices to lessen the low energy boundary layer flow 
in front of the Inlets. The model had flow-through 
ducts and limited pressure Instrumentation in the 
inlet throat. Some of the f^rce and pressure 
results from these tests were reported in Refs* A 
and 5. The model was then modified and more 
detailed inlet-pressure tests* in which data were 
taken In the upper fuselage flow field* in the 
Inlet throat* and at the compressor facs station* 
were conducted. Sooc results from these inlet- 
pressure tests were reported in Refs. 6-8. 

The objective of this paper ia to compare the 
aerodynamic characteristics and Inlet performance 
of the different LEX sizes invest igsted In the 
tests mentioned above and to determine the LEX size 
for bast airplane maneuver performance. 


Top-Inlet Configuration 

Photographs of both models are shown in Fig. 1. 
The 9.SZ scale models are shown in separate instal- 
lations in the 11- by 11-Foot Transonic Wind 
Tunnel at Ames Research Center. Orthographic 
views of the models and their respective Instrumen- 
tation are presented In Figs. 2 and 3. Figures 
1-3 shew the models with the largest LEX. Aero- 
dynamic forces were determined from s six-component 
strsln-gsge balance in the force model. The Inlet 
Biodel was instrumented at the compressor face of 
each duct (Fig. A). This instrumentation consisted 
of A circumferential static pressure taps* 12 total 
pressure probes, and 6 Kullte dynamic/total pres- 
sure transducers. Both models were tested with 
various wing leading- and tralllng-edge flap 
deflections (Fig. 2) and with three different wing 
leading-edge extension (LEX) options: large, 

email* and off (Fig. 5). The large LEX was con- 
sidered the baseline for both models. The small 
LEX retained the same shape aa the large one but 
had only 60Z of Its plan area. LEX -off was simu- 
lated by extending Che wing leading edge straight 
to the fuselage. 
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wind tunnel t«st data cooaldarad la thla 
paper were taken at Hach nual>era of 0.6, 0.9 • and 
I«2» at anglaa of attack up to 27*, and at ans^M 
of aidaallp up to 12*. The refarenca area for all 
aerodynaailc data pretietited Ifi thia paper la ttia 
wliiK urea wlili rtie wIok ImdlnR* itiid tratUnt* 
edK«'»i exlmded to the fuaelage caotcrllne. Thtia, 
changes in LEX area are not raflactad In the aaro- 
dyoaBic coefficlaata. 


Hcaulta 

Trlmed aerodyniBlc charactarlatics froa tlia 
force Model teats are presented first for the 
three LEX sizes. Inlet pressure recoveries and 
distortion froB the inlet-pressure nodal tests are 
analyzed next for all three LEX sizes and for two 
different wing leading- and trai ling-edge flap 
deflections. Finally, the force and Inlet pres- 
sure results arc conblned into a maneuver perfor- 
aance suviary to determine the effects of LEX Size. 

TrlmpKtl Aerodyoiglc Characteristics 

Tr lamed lift and drag curves are presented 
for Hach nuabers of 0.6 (Fig. 6), 0.9 (Pig. 7) • 
and 1.3 (Fig. 8). The model was tr^'med for minl- 
mimi drag using both the leading- and tralliog-edge 
wing flaps. Insufficient test data were taken to 
include the small LEX or LEX-off results at Hach 
1.2. The subsonic drag polara (Figs. 6 sod 7) 
show that the large LEX has the least overall drag 
of the three LEX options. This LEX also produces 
the highest lift curve slopes at these Nach num- 
bers, though the Maximum trimmed lift (Cl^ • 1.15) 
is less than that of the small LEX (Clx • 1*25) at 
Mach 0.6. The msxiaxiM triced lift for both the 
large and small LEXs is identical at Mach 0.9 
(Clx*125). 

Figures 6 and 7 show chat the model can be 
tr lamed to higher angles of attack with decreasing 
LEX size. Smaller LEX sizes produce less nose-up 
pitching moment which must be overcome bv the wing 
flaps. Larger LEX sizes would require more power- 
ful wlfiK trailing-edge flaps. 

The da*-a lc Hach 1.2 illustrate that s rela- 
tively high Crlined lift coc'fflrlcnt (CLy * 1.20) 
can lu* arlileveil at low supersonic npeeds. 

Haxlmum and cruise trimmed lllc-to-drag ratio 
sunmarlcs are presented In Fig. 9 for the three 
LEX options. The large LEX malotslns the highest 
maximum (L/D).j. (Fig. 9s) of the three options 
through the subsonic Mach nuid>er range, with an 
exception at Mach 0.2, where rhe values of 
(L/D)Tg|.,j the same for all three LEX options. 

The crHse Uft-to-drag ratios (Fig. 9b) wars com- 
puted for an altitude of 9164 a (30,000 ft), using 
a gross weight of 11,975 kg (26,400 lb) (obtained 
from Ref. 3). The curves show th.'it the large LEX 
has the hest cruise Itfc-to-drag ratios up to Mach 
0.9. The cruise (L/0)x of the small LEX at this 
Mach number Is the same as that of the large LEX. 
The I.£X-off option has substantial Iv lower cruise 
values of (l./D)x tli.:* cither of toc two LEX 'a. 

T o I e t Pe rforwnn ct 

Average Inlet pressure recoveries and distor- 
tion values are shown In Fig. 10 for the thres LEX 


cooflgursClons at Mach numbers of 0.6, 0.9, and 
1.2. Average pressure recovery per inlet Is 
definsd as tbs area-weighted average of tha com- 
pressor face rake total preaaurea divided by the 
wind tttnmal fret* stream total pressure. The area- 
wiMgltCing refers to A amatl area ansitid emcli probe 
of the rake resulting from the subdivision of the 
total compresaor face area. Dtatortion la defined 
aa tha total praaaure difference between 

probes divided by the average pressure recovery. 

These reeults are for undeflected leading- and 
trailimg-edge flaps (see subsequent text for flap 
deflection effects on inlet performance) At all 
Nach numbers, both the large and small I.Jto pro- 
duce comparable performance. The small LEX 
produces slightly better performance (hlgt«?r re- 
coveries and lower distortions) st low-to s wderate 
angles of attack, and the large LEX la better at 
the higher angles. This may be attributed to a 
more raarward vortex breakdown point with the 
larger LEX. A water tunnel invest igatlon^ dem on - 
strated thla charactarlatlc for angles of attack 
below 30*. The LEX-off configuration is clearly 
inferior to the two LEX configurations at all 
Nach numbers, particularly at moderate-to-high 
angles of attack. 

The data in Fig. 10 are fot a sideslip angle 
of 0*, but fighter /at tack aircraft often operate 
sc nonzero sideslip angles. Figure 11 presents 
distortion-limited operating envelopes st nonzero 
angles of attack and sideslip. The distortion is 
less chan or equal to 20X In the crosshatched 
regions, and this is assumed to be s representative 
engine operating limit, the windward and leeward 
inlets are indicated in figure 11; at poalClvc 
sideslip angles, the right Inlet is windward and 
the left inlet Is leeward. 

Data are shown for all three LEX configura- 
tions at Nach numbers of 0.6, 0.9, and 1.2. Dis- 
tortion limits at high sideslip angles for t'-? 
leeward inlet with the small LEX at Mach 0.9 and 
1.2 could not be determined because of insuffici- 
ent test data. 

The top row of figures In Fig. 11 shows the 
LEX-off case with regions where the distortion 
exceeds 20T (the regions that are not crosshatched). 
At Msch 0.6 tht'se regions are small, hut st Mach 
0.9 they become large enough to cover most of the 
windward Inlet side st sideslip angles greater than 
2*. At Msch 1.2, the region covers the entire 
«rindward side, except for the lowest and highsst 
sideslip angles at angles of attack below 13*. 
Increasing the LEX size greatly reduces these 
regions. At subsonic Nach ntsbers, the large LEX 
haa very small regions in which the distortion 
exceeds 20Z. hut at Mach 1.2 those regions arc of 
moderate size. For sideslip angles below 5* and st 
all angles of attack tested, the large LEX can 
provide a flow field in which the inlet distortion 
Is less than 201 at the three test Mach numbers. 

The windward inlet typically haa the largest 
regions of high distortion. For side-mounted Inlets, 
Che opposite is cvpical: that is, the leeward 

Inlet has the highest distortion. 

The effect of leading- and CraiXing-edge flaps 
on inlet recovery and distortion at Hach nuabers of 
0.6, 0.9, and 1.2 is shown in Fig. 12. Data arc 
presented for both sets of flaps undeflected and at 
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30* for zero sideslip enftU. Deflecting the fl^s 
Increases the pressure reco¥ei*e up to 2Z for the 
entire angle of attack range tesced and for all 
three Hach mailbers, Dlstortloo Is with 

flap deflection nostly at the low%*r angles of 
nt|.*i«k; there nre hsu'iII InrreaHi^s at the hlghc' 
alight. Tliffu* rt‘*«iiliN liMlIrate th.tl f liip tivfli c- 
tloAM inprtive Inlet pri^surc recovery slightly for 
this remf Iguratlon without adversely affecting dls* 
tortlon. 

Mrpiane Haneuver Derfomance 

Figure n shows specific excess power (Pg) as 
a function of load factor (na) for all three LEX 
options St N • 0.6 and 0.9 and for the large LEX 
at M • 1.2. Calculations were made for an alti- 
tude of 9144 ■ (30,000 ft). The specific excess 
power is a function of thrust minus drag and Is 
approxinately equivalent to the cllnb rate and the 
longitudinal acceleration. Correspondingly* nomal 
1i»ad factor is equivalent to turn rate and lateral 
acceleration. The engine thrust and the estinated 
engine liMses In the Pj« calculations were U»oae 
used in lef. 3, with a correction Included for the 
effects of Inlet pressure recovery cm thrust. Mea- 
sured inlet pressun* recoveries were used to adjust 
the conputed thrust levels at the correct angles of 
attack. The flap deflection effects on pressure 
recovery were not included for some load factors 
because of insufficient test data. Specifically, 
they were not Included for load factors above 2 and 
3 for the small LEX and for LEX-off respectively at 
H • 0,6; aud for load factors above 5 and 7 for the 
small liiX .tnd for U^X-off rc*spect1vcly at M • 0.9. 
The prc'.siiri- rc*covcrles at these conditions were 
conservatively estinated to he chose values at zero- 
flap^de fleet Ion angles (recall that recoveries were 
found to Increase with Increasing flap deflection 
for the large LEX). Distortion under 20Z was 
assumed to have no effect on thrust, and for Che 
angles and conditions represented In Fig. 13 the 
distortion never exceeded 202. 

The mass flow In the flw-chrough ducts was 
scaled according to the airplane design engine air- 
flow. A structural design Halt of 6 g's Is ahmm 
for reference. 

The combined force and pressure recovery 
results from the preceding sections show that the 
large LEX has an advantage in maneuver performance 
over the other LEX options at Mach numbers of 0.6 
and 0.9. The only disadvantage of this LEX Is at 
M - 0.6 where the Inability to trim at high angles 
of attack Units the load factor to about 3.5; with 
Che sanll LEX the naxlnum load factor Is about 3.75. 
At Hach 1.2, the large LEX provldaa norc specific 
excess power than at Mach 0.6 or 0.9 over the 
entire range of load factors. 


Conc lus ions 

Aerodynamic and Inlet perforiMnce data have 
hren analyzed for a top-««mnted Inlet figli ter /attack 
aircraft configuration. The configuration variables 
Investigated were LEX size and leading- and tralUng- 
edge flap deflections. The results are sunmariztd 
as follows: 

1) Of the three LEX options, the large LEX 
produced the best trimmed lift and drag. 
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2) The large and small LEXa gave eeoentially 
the same inlet pressure recoveries, and the LEX- 
off gave ■ttch lower recoveries at high angles of 
attack. 

3) Increasing LEX size groat Jy r€^ucfs dis- 
tortion .It mtuloraU' sldi‘*:ll|i anglos, osius'lallv .iL 
higher Mach numbers. 

4) Viog leading- and t railing-edge flap deflec- 
tions improved Inlet recoveries slightly without 
adversely affecting distortion. 

5) The large LEX gave the best overall maneuver 
performance. 
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